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ABSTRACT
The fundamental concepts and eguations of the Event Timer are
discussed. The evolution of the Event Timer since the Herstmonceux
conference and the specifications are stated. New circuits are described
which reduce the RMS jitter toc the range of 15 picoseconds. Under ideal
conditions, over a period of one hour, the stability and the RMS variation

of 1000 point mean points is in the order of one picosecond, Plans for a
5 picosecond resolution Timer are presented.




NTRODUCTION

————— g

rbout five years ago I started developing an Event Timer
or chronograph, using the dual frequency vernier system.
Described two years age at the Herstmonceux conference, the
wvent Timer 1is near completion and I hope to have at least
two Timers built by the end of this year. one of the Rvent
Timers will go to the Yunnan Observatory of the Peoples
Republic of China when Mr. Wang Ben~Chun returns to China.
Others will be used by Dr. Alley for time synchronization
experiments and satellite and lunar ranglng.

This paper is organized into three parts, The first
part is & description of the fundamental concepts and the
ecuations of the wyent Timer, The second part describes
the specifications and describes how the Event Timer has
evolved since ithe jerstmonceux conference. The third part

concerﬁé'fhé”ﬁeééﬁféméﬁt”Uf”jitter“and~awnechircﬁi¢uwhzchwm””mN,Huw,m,,”

improves the jitter characteristics. Final conclucing
remzrks describe & possibie new next Event Timer,
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which'redcts to the rising edges or F, éand transitions in

- The egustion.

Part 1 fundamental Concepts of the Tvent Timer

Figure 1 shows the essence of the dual freguency Fvent
Timer concept. One of the dual Tfrequencies, Fy 3 1s produced
by & 200 MHz tunable crystal oscillator which is synchronized
to a 5 or 10 Wiz standard., The 200 MHz oscillator runs
continuously to drive a 26 »it synchronous counter which ie
the time generator. The time generator has exactly
50,000,000 states so it repeats every ¢ second,

The second of the dual freguencies, 7., is produced
by a delay line oscillator which i tuned By other cirecuits
to operate at 199,2217899 Muz called 19+ yHz, 7, and Fq
come into synchronization every 257 cycles of F, and 256

cycles of F,. F, is derived from F by the eguationF, ~F =7 /256.
2 A f RS A ]

An event, either from the test circuit or en ocutsgide
source, stops, then restarts the 199% yus restartable
oscillator to drive a 9 bit counter called the A register,
Constantly monitoring the two frecuencies is & comporator . .

state of ¥,. The result of this operatiocn is that the
comperator redcts to the nearest co=-incidence of the rising
ecges of Ty and Fye Uhen the 7 and ¥4 rising edges are in
closest synchronization, the comparatorn gives & Sync, pulse
which latches or stores the state of the 26 bit time generator
and stops the 9 bit A counter,

From the contents of the 4 and 2 registers, the epoch
of the event cen be computec within a 1/h second interval,

Tﬁe*e§é6h~éf-%he“event“is={mﬁ@”of'sync. (represented by

the number latched in the B register) - the 4 register count
times 5,01953125 n,.s.. (5.01952125 n,s, is the rericd of
199+ Mz, )

The vernier action occurs because the period of 7; and
Ty aiffer by 19.53125 p,s.. Using the test circuit, which
Lrocuces an event synchronized to the <00 MEz standard every
L/4 second, we find that 4 and B repeat every 1/4L second,
Im figure 2, if the event is delayed by 19,53125 PeSe, the
synce concgition cccurs one cycle sooner, 4 and B are both
decreased by 1,
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f we can continue dncreasing the delay of i%e test
event, the JSync, point will come closer and clos to the
event, The actual Tvent Timer is built such tﬁaé vihen A
becomes egual to sbout 15, the first Sync. is ignored
vhereby the next Sync. noint 1,285 u.s. later is used.
At thie time, the i register jumps 256 counts znd the
5 register Jumps 257 counts, In fact, any Sync point
can be-used to compute epoch. In fact,; for the ¥th

vynchronization point
opoch = [(m 257:1) = (55..4-2%?-?}] 590 - (b4 2561) (19,531 XieT |
Zpoch s (B=i}5.0 = A(19.531 4 10 H- (5.0 =256 47.431 X0 3}}
but 5,0 - 256 (19, ma'{) =0

531
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Tpoch = (B = 4)5.0 = a(lG.521 X007  nes.
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Thuzs the enoch of the test pulse m’y be moved about
th i/& second interval, fFither the first of second
Jync. point is used to generate 4 wnd B from which the
ch coan bhe computed,
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Part 2 Block Diagram and Specifications

Figure 2 shows a partial block diagram of the Event
Timer. This diagram is useful brimarily to show input and
output functions.

The Lvent Timer has been expanded to have fwo independent

verniers. It is thus possible to meagure the epoch of two
events up to and including co-incidence. FRach event can
arrive on its own cable, or, the events may be combined to
feed both verniers in which case the first vernier arms the
second, AT . . o - -

There are three inputs, each terminated in >0 ohms,

in one mode, input 1 drives vernier 1 only, and input 2 .

Cdrives vernier 2 only. In the second mode, input 3 drives
both verniers., The input networks accept negative NIM
type pulses going from &n initial value of O volis to an
amplitude of -.5 to -1.0 volts. Verniers respond to leading
edges, so the pulses may be any width greater than 1 n.s..

The 200 MHz standard is a 66,66+ Maz voltage controlled
crystal oscillator with 2 tines 3 multiplier and & very narrow
bend filter. fThe oscillator is bhase locked to either 5 or
10 Mhz“standards,.Gr,wthe~oseilla£armmaymbe~mperatedﬂwi%hsﬁﬁ“

& stuandard at o frequency very close to 200 Mhz..

The fime generator consists of a 24 hit synchronous.
counter @nd two 'k 2 prescalers adjusted so that the rising
edges of all bits are synchronous., 4 27th bit carry is
»rovided to prevent amblguity problems if events occur near
the 1/4 second point, The 26 bits and 27th bit cerry are
supplied to latches 1 and 2, The 24 bit synchronous counter
number is compared with a 2 bit number supplied by the
microprocessor to form a range gate to enable the Ivent
Timer. The output of the compuarator is filtered by a

glitch supressor to form hoth & reset pulse for the 4 . . |
I . OI thephasediﬂconﬁect CiZ‘CI};iﬁS; The I’ﬁiCI’OpI‘Ocessor _____ o .. .
""" _guppiics an inhibit pulee to the glifch Bupressor to vrevent
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The phase disconnect circuit is enabled by the
trailing edge of the range gate Pulse, Phase disconnect
circui%()jf;enableﬁ by either the same range gate pulse
if the verniers are to be enabled simultaneously, or,

Phase disconnect circuit may be enabled when circuitCD
has received an event to zllow operaticn in the serial mode,

The outputs from the 4 and R registers are displayed
With LED readouts and zre stored in two 4O vit storage
registers, The 7~-8Q mlcroprocessor receives program
interrupts when new date is avoilable, when the range
gate goes off, and when the 1/4 second pulses are generated
from the time generator. The microprocessor reads in the
datu one byte at a time and cen tell how muach data 15
available by reuding data status fiags, Decsuse the 4 and
B registors act as storage registers along with the tfwo
4O bit storage registers of the interface, it is possible
to store four epochs, two from each vernier before the data

acquisition of duta for very close targets.

The micro computer has 62K of ROM and 2K of RAM.
The system operates the IEER bus and RS=c32 type monitors.,
Programs have been developed in FORTH lenguzge to calculate
epoch and time of day and various tests for the Lvent Timer.

The Zvent Timer in conjunction with the 7-80 can give

range deta to the,mainframemsystemﬂcgmputef~atma~r&te~0fm~”“m

172 ranges per seécond or every 5.8 milliseconds, However,
the Ivent Timer cun operate by itsclf every Y microseconds
or &t « rate exceeding 100,000 ranges per second for gach
vernier,

Through the kindness of Messieurs bDachel and Ingold
of the Bendix Corporation, the allen vVariance and the
harmonic content of the 200 iz standerd were measured,
Jefl Ingold's report is shown in figure &,

 must be read out.  This featureprovides for very rapid
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Part 3 Jitter Meosurements and a jew Phase sconnect Circuit
—v-—-v——w-mww—"-—r—m-‘-m T e it mam - - Tt e e
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Consider again the basic block dlagram of figure 1,
If an event is generated nrecisely every 1/4 second ans
this event is synchronized to the 200 Mz standard, then
the & counter and B luteh Will repeat the came numbers
every 1/L second, This in fact does heppen, the same
eroch being calculated for 10 to 20 minutes at a time with

no Gitter,

inls test mode is not however the way the Tvent Timer
iz to be used., In operation the range gate operates 10 toe
100 times 2 secona in varying patterns according to the
loser firing and the expected return ftime. . more valid
test would revlice the 1/ second nerioca pulse with a pulse
from on ordinery free running pulse generotor running at 30
FP8es  In this mode an event isg generated that is synchronized
to the 200 1¥z stonderd bub comes et & random time In the 1/L
sécond interval, In this mode the & counter value shouls
e constant zand the 3 lateh value should constantly change,
The Zvent Timer of 6 months 80 however had a jitter of
up to & counts on the A counter when the renge gate vas
moved randomly vet the A count Was very stable 1if the range
gate was opened ut precise intervals s generateq by the
time generator, Meusurenent of the interpolator assembly
0o the Hewletit Pockerd 52570 universsl counter revesled
the zanme nroblem, which is uncerstondable since the zvent
iy

1er verniers are directly related to HﬁpgkiﬂtGrQQlatgggl

It appears that on improvement can be made in the systen
Jitter il F,, the 199% pus vsclllator, is stopped ang
restirted in & controlled nonper, A the originel fiweq
deliy phase disconnect circuit, a 10 n,s, pulse synchronizeds i
to the event to bhe measured, stons and restortas - ;
Lefore this gynchronization process, the svent is”in no
87 synchronized to Fas_@nd so the oscilletor is stopred
1y point dn dts cycle ws shown in figure 5, ‘Uhen the
llator is restarted, the initisl conditions vury
noing on what nort of the cycde the oscillator was

€d. The changing initiel conditions cause a vhese
----- r in Fz-r@iﬁﬁive-to“t%?;ﬁﬁﬁﬁtywnicn:then”is_me -
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A different way to stop Fq would be to allow the
oscilliator %o complete its current cycle and always stop
at the same minimum voltage, Then, alter the transcients
have subsided, restart the cscillator synchronized to the

eventy  THls varidble deldy phase disconnect fechnique has
the same conditions at turnoff but a variable delay time for
the transcients to subside., The fixed delay phase disconnect
technique has differing energies stored in the cgclillator
at turn off but a fixed delay time for the transcients

to subszide. The variable delay seems to result in less
phase noise. Purther improvements can e made by increasing
the delay before restart,

Jitter measurement have been made on five H,P, restartable
oscillators in the Event Timer., The test event was a 100 MHz
scuare wave gynchronized to the 200 MHz standsard, The range
gate was opened randomly on the next 20 N.8. Window by a
free running pulser running @t about 30 n.p.s., The range
gate opening is synchronized by the 50HHz least significant
bit of the time generator to prevent slicing of the
event pulse, 100 sample runs were made for all values of
the vernier and the RM3 jitter was calculated, The results
are shown in figures 6,7, and 8.

Use of this variable delay phase disconnect circuit has
resulted in a reduction of jitter frcom perhaps 35 p,.s. RMS

to the order of 15 2.5, RMS at this time, Turther imbrovements

-m&y'be~possib1e;”‘ﬁh119"this‘redquiOn‘méy 1ot be important
in Lageos tracking where there is an abundance of data to
smooth out the jitter, this should be a decided advantage
in Lunar reénging where every data point is sreciocus.

agaln, using the above described test of measuring a
100 MHz scuare wave at random times, a tegt was made over a
Pericd of one hour of the stability of the system, buring
the test, the delay line was not changed, the temperature was
.ﬁg;qwggﬂﬁt@mtmatw&iwﬁwuﬁfg~anﬁinGOwmeas&?éméﬁté“Wéfé"mé&é’éﬁd
dverapgea every two minutes, The meusn value of each 1500
neasurements is nlotted in figure <

R 3

Further tests, waich have not been dene us vet, would

asure tihe linecrity of the vernler, In this linearity

y the standsrd used to generate the test signal would
be alloved to slowly dpift wity respect to the standard of
svent Timer, If measurements vere made ot precisely
Knovn times, the rate of drift couid be measgured and a
projected ideal vernier could be formulated, The deviation
from thiz ideal vernier vould measure the linearity error,
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™nally, 1 ©ave peen asked whether & 10 p.s. resoclution
wyent Timer could be made using the H.P. restartable
oscilliator, It is not practical to use the §,P, chip in
its present form pecause the transmission line gzcillator
cennot be stabily tuned to the required 199.610136.. MHZ.
T this mode of operation there would be 513 of the 200 HMHZ.
vecles for 512 of the offset frecuency giving & regoiution
f 9.76 PeSe

1£, as is shown in figure 10, an entirely new restarteble
1lator were to be nade, I believe thet 1t is possible
design an “vent Timer vosed of the standard frecusncy
G

d of 256, the regtartable oscillater frecusncy
399,2202729 MHz with & veriod of 2504.8828L5 DeSee
olution of the Event Timer ig 4.88 plcoseconds.
vefully, the RMa jitter could be less than 5 PeSes
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STABLE SATURABLE DYE FOR 1.06 PM

K. Hamal, H. Jelinkova
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ABSTRACT

 Most of théuséédﬁﬁugéneféiicn Satellite and Lunar ranging

stations and practically ail of the 3. generation ones exploit pico-
second pulses to ensure the required accuracy. To synchronize the
modes and to Qswitch the resonator, either an active or passive
modulator or combination of them, may be used. To apply a passive
modelocker/Qswitch, some characteristics of the saturable modulator
(bleacher) are required.




¥srel Hamal, Helena Jel inkova

most of the second generation catrellite and Lunar ranging
stations and practically all of the j.generation ones exploit
sicosecond pulses to ensure the required accuracy.lo synchronize
the modes and to Qswitch the resonator,either ap active or passive
modulator OF combinat ion of them,may be used.To apply 8 passive
madelocker/(switch, sane characteristics of the saturable modulator
{bleacher) are regquired:
- campatability‘with the N4 transition and host (YAG,YAP,
Nd glass,etc) {wavéiéﬁéth,'ébébfpfiﬁn‘Cfossmﬁecti@n?~z
1ifetime, saturation intensity)
- ghort/long term stability
~ acceptable solvent L
- to range Satellites/Moon,the desirable pulse duration
ig 30~100 psecC (3.generation) and 30 psec or less for
_.4.generation /1/.

We have worked to develop saturable dye having performances

clogsed the mentionned ones above.The parameters of the resulting
saturable dye MLS1 /2/ are summarized in the table l.Some othet
dyes are mentioned for comparison.

The photostability has been estimated from the following
‘@xperiment: the sample of the dye was illuminated by the v high
mpfééédfé*ﬁéhﬁﬁ*flashﬂlam@sXBOEGQ«KBKs;Tﬁ?mex?aﬁure time of the

photodecomposition was measured and the slope was compared for

different dyes (Fig.1l.}).

To inwvestigate ﬁodélbék/éswitéh”ﬁrcperties,mwewhave-used.

dif ferent laser configuration:

(1) /4/ The YAG rod wae cut at 1 deg near the back mirror, the
perpendicular sur face on the opposite side acted as the output
mirror. & 5 mm cell, containning 2 c¢< of no flowing dye, was
placed at the Brewster angle between the back mirror and the YAG
-gryﬁtglhnThﬁuogti¢ﬁl,1ength of the resonator was 30 cm. The single

‘If”f""””mﬁéé°69958tiﬁﬁ*ﬁaﬂiacﬁﬁm?1'iﬁefléy;én~ifismlamm*inxéi&mﬁt%:v-The
SR . _output energy was 3 mJin'a train of.tﬁdfdf”Eﬁféé”?ﬁlﬁﬁgf”tﬁé ”'”

SRhe

;néfthep@nﬁgﬂtw@&§£gy”mf

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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the computer HP 1000. The resulted pulse duration at 0.53 um was
30 psec RMS, the output energy 3mJ,,RMS = 3% (Fig.2A). The
corresponding power density is 3 GW/cm . To examine the output
spatial structure of the beam, the detection chain /5/, consisting
of the CCD Fairchild camera, Quantex singleframe memory and HP
1000 has been used. The beam profile is closed to the Gaussian.
(Fig.3.) The divergence is 1 mrad, clo e to tge diffraction limit.
The corresponding brightness is 3.10 W/cm sr.

(2} To prove the saturable dye in the active/passive arrangement,
we put it to Quantel laser system at CERGA {(fall 1983). The
oscillator contains a dye cell and a active modelocker. .The records
of the output pulse train and selected pulses are on’ Fig.4. The
transmission of the bleacher has been set to obtain regquired 5-7
pulses within FWHM envelope. The reprate was 10 Hz. A similar
experiment was carried out at U. of Maryland /10/ using Kodak
9740 and ML51. Pulse widths were between 20-50 psec, however the
shot to shot energy stability of the cavity dumped single pulse
was poor.

(3) The ML51 was applied in two wavelength experiment /6/. To
obtain picosecond ranging accuracy, the pulse duration should be
minimized. The oscillator consisted of the concave 5m, 100%, back
mirror in contact with 2 mm flowing dye cell. The YAG rod 3 mm
in diameter 2deg/2deg AR coated was pumped in Quantel head. The
front mirror was a guartz plate 0.25 mm thick. The duration was
14 psec at 0.53 hm, when deconvoluted. The pumping energy was
varylng up te 2.3 times above the modelock threshold and .no. ~-change

in the pulse duration or stability has been observed,

(4) The saturable dye was used to modelock the YAP laser /77 .

The laser setup was similar to the experiment in (1). The raw

value of the pulse duration was 10 psec, actually egqual to the
temporal resolution of the streak camera.

Generally, we did not observed any damage of any optical
element throughout all experiments and during long term exploitations
in different laser confiqurations. The saturable dye ML51 has
been used at the INTERKGS&OS satelllte laser statxcﬂ 1n Egypt-

op 'talmolcm‘v and i g&gaxal;'a”thaxw}.am zs,wuuwcatwmaivl%r t%}e» »éyeel

asts in the cell“for several rionths .
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SPATIAL STRUCTURE OF THE DOUBLED Nd - YAG
LASER TRANSMITTER BEAM

H. Jelinkova, P. Valach

Czech Technical University

Faculty of Nuciear Science and Physical Eng,
Brehova 7, 11519 Prague 1 - Czechoslovakia -

Telephone 845840
THX 121254 FOF1 ¢

J. Del Ping

Cuban Academy of Sciences

Institute for Geophysics and Astronomy-
Santiago de Cuba

The beam spatial structure of the passively mode-locked Nd : YAGQ
oscillator/amplifier/SHG Taser radar transmitter has been examined.

To analyze the laser beam Structure, an on Tine diagnostic chain,
giving a three-dimensiona] graphic display, the contours and the two

dimensional Fourier transformation of the output pattern was implemented
at the Interkosmos indoor calibration facilities.

The beam was studied in every point of the laser transmitter and the
IR Gaussian beam structyre chaﬁge;que”tgithe”pgtside,oscjl}atgp,gpt&ea}
:'e}ements*wewe”91€mfﬂ&téd”¥?ém'the‘syStém;'The'SH beam profile was inves-
tigated from the point of view of temperature dependent efficiency and
the pointing stability. The difference between the spatial shape of pulse

IR and SH was found and the changes between them were tried to be compen-

sated by the help .of the tandem schemeof two SHG crystals.
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% Jelinkova, P.Valach, J.del Pino

IRTRODUCTION

A Nd:YAG laser (YAG, YAP, ete,) allows to generate picosecond
pulses for laser ranging. However, Up to now, a lLack of detectors
ip the near IR requires the radiated frequency to be multiplied
into the second resp.third harmonics. To apply 2 second harmonic
generator (SBEG) into the laser transmitter scheme, the homoge neous .
Gaussian IR cutput beam is required. Every change of the laser
systen &@ﬁfiguraticﬁs'(zesbnat@r'reaéﬁastem&&&r.&ctive”ﬁz passive
clepents temperature dependence, pumping inhomogenaity, eto.d
cavses significant changes of the Gaussian beam structure. Applyving
the ney rechnology giving the fast accurate response, We have got
the possibility to optiﬁiié'the'laaet'sygtém'p@rfofmanceé
tongequently, the spatial structure of the transmitter autput BE

nean has been investigated.

o yPERIMENTAL ARRANGEMENT

The laser system configuration /1,2,3/, we employed, congists
o€ passively mode-locked Nd:YAG oscillator, isolation saturable
ve cell, expanding telescope, single pass amplifier and KDP

&
dmbling corystal (Fig.l.}). According to /4/ the image in the focal

-~§§&m$wﬁfna.weil~gegrec§aauigﬁ§”cqin§i§gs with the beam far field

pattern (in Fraunhoffer region). Therefore, in the lTaboratory. -

the beam farfield was cbeserved in the focus of the 2.5 m thin

lens by the help of the CCD array (Fairchild 320 x 489 cells}.

The CD output signal was digitized using Quantex image MEMCLY
j2%6 x 256 cells, 8§ bits, 100 MHz) and stored on line on the
magnetic disc of the host computer (Fig.Z.).

I% BEAM

@ understand the heam distor tion through the laser transmitter,

‘¢ne beam was examined at different points (Pig.1,Fig.3) (bebind o
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""" ‘The oscillator outp
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solation cell (B). the expanding Lelescobe ...
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obtaired by tilting the dye oell to L -degree. Resultant divergences
in every measured points are summarized in .Tab.l.

SH BEAM

In general case, the index of refraction of the negative
nonlinear crystal, which is mostly used in SHG, depends on the
incidence angle @, the temperature T and the basic radiation
wavelength A . Every change of these parameters causes the index
matching condition modification,

In cur experiment, the temperature éep6ﬁﬁﬁﬁﬁe of th@ SHG was
investigated in detail. ‘
1} The temperature of the SH crystal was varied from the 16°C
to 37°C and the index matching angle was found for everv examined
t&mperature From Fig.4 it can be seen that there is no variation
in the efficiency within the experimental limit and therefore in
the measured temperature interval the optimal thermal region for
dominating SH cutput does not exist.

temperature dependence of the efficiency and the spatial structure
was investigated. For the KDP crystal type IT the temperature
dependence is expressed by /5/:
2o woog
T = G4bA  , Bne _ _Ono )
4 L a1 aT

where A is the wavelength of the incident wave, L is the crvstal
iength, T is the temperature. For the Kﬂ? erystal {tilQKEﬁ mm}

'ln whlch the effzciency is more than 1/2 of maximum vaiue} Thzs

calculated value coincides with the experimental measured data

plotted on Fig.5 from which follows AT gyp = €.2°C. The independent

experimental determination was done by the integration &f tHe CCD

cutput spatial structure.

From the measur ing of the temperature dependence of the far
field SH beam spatial structure (Fig.6) follows that inside the
temperature range 24°C-32°C, the SH beam has mostly clean profile
and due to the diffraction aperture effect, the contour has a

clittle elliptical form. Within the range 189C-229C, the beam
profile wag deformed and in the temperature range 36%C-52%C, the :
~W;most szg&;fts&nt feature: mbsggvad ﬁaﬁﬂﬁhﬁwﬁaﬁaazaamadmﬁgixkgﬁ§@;¢¢Tﬁé




ey PigeE e B 18 Seen.that the far field beam structure of

.......................

the SH beam has the elliptical form. This distortion of the SQatlélm“'“'”““"'§

structure in one divection follows from rhe fact that due to the
double refraction of the nonlinear crystals, the extraordinary
ray deviates in the anisotropy oF walk off anglé. The beam of the
cu radiation is therefore deviated from the original (IR peam)
direction and from t+his fact the aperture effect follows which
decreases the efficiency of the S5HG and changes the shape of the
pulse (Fig.7.B). We try to use the tandem scheme /1/ feor the
compensation of this deviation. The resulted spatial beam structure
is on Fig.7.C.

The laser transmitter system was designed to have an optimum
Far field beam spatial structure what implies a agood farfield and
a higher efficiency of the SH radiation beam, The measurement of
the temperature dependence of the SH crystal showed the strong
dependence of the efficiency, of the spatial structure and of the

. péiﬁtihg,aécvracyuGnmtemperatuze,Changﬁﬁﬁumhww“w“uuuw,

LITERATURE

/1/ Jelinkova H., Proceedings of the vth International
workshop on Laser Ranging antrumentation,Greenwich,
England, 1984.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

/2/ Hamal K., Bruskova V., 5&1iﬁkava”ﬁg;”Proceeé1ﬁgSfof*€LE0v~4~

1985, Baltimore, USA.

/3 Hémal'K;;'Jeliﬁkaa-H;,-“Stable~8atuxableuﬂiﬁ.ﬁQF";:Q§Mq?ff

in this Proceeding.

/4/ Born M., Volf E., sprinciples of Optics", Pergamon Press,
1964,

/5/ Koechner W., w"gnl id—-State Laser Engineering”, New York,

""" gpringer Verlag, 19 6

,,,,,,,,,,,,,, 1/ volosov V.D. et al.,
, p.1163, 1976.




Tab.1. Laser System Divergence
¥

A} Isolation cell - Breuster ingle

Measured point

X [mead)

¥ [nrad]

A i B.? |
B 1.7 11
C 0.8 B.6
b 8.7 g.6
B) Isolation cell - 1 deg angle
Heasured point | ¥ [wrad] | Y {nrad]
A 1 8.9
B L1 8.9
06 | 04

B ¥ SO
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1. Block &iagram of the opti

M £nd mirror
Dl Dye cell
A Aperture

0sC Decillator head
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cal Tay~out of thé NJLVAG laser transmitter.

AMP Amplifier head

SHG  KDP LI Frequency doubler

DIGITAL IMAGE

QUANTEX
256 % 256 PIXELS

256 LEVELS.

1 LASER MLOA

e TV -MONITOR

LASER LAB

I T TR R R

. B e



8,=17mad 08,=11nmrad

c

- EXPA

NDTHE TELESCORE

TR T o2 S B Y

g3,

Bo0.7med Oy Bberad |

| '"E}iﬁ:"g*gm"&df """ B,=8.6prad o

E‘m‘%S The IR far field beam 'S?a‘tié‘a;l.;SZIL}~_Q.TE§;§"@3_: e




T e T e R e e R !

&4

Fig.4.

“+ 4+

+ -+

Temperature [C]
 Temperature (€1

+ ¥

+4

1 )

o
-

o e

= ¥T

20
18]
18.0
120
8.
g..
4.0
2.
)
106 .

{9ATIRT®I)

; m w M. Louwayot
} Aouayoyj)e 5HS | | ﬂﬂwu oudTIYIH

ze 3%.;

4




BROERTAY e {50

PREHTAT o (G}

:
Roen

.mwmw
v

b 1

1

£
i o

T

1

[N L s g

&1

B

S E B fa
Foplved

re s AEnandens

t

Fig=b. Temperati:




A Bl a
ity e e D
- A ot 8 B B Bt T

R AT e (0N

o e e TRy
- et (DU B §

Aperiture effect COMPEREAtEORy i e

5
i




SOME SPECIAL REQUIREMENTS
TO LASERS FOR SATELLITE LASER RANGING

L Jiyu

Wuhan Technical University of
Surveying and Mapping

23 Lo~yu Road, Wuhan

The Peopie's Republic of China

ABSTRACT
When designing or improving an SLR system it will be necessary to
take into consideration that which laser should be selected. This paper
has given an outline of some special requirements toc select a suitable

raser.

At present solid-state Tasers are used to measure the distances not
only between a ground station and the satellite specially equiped with
retroreflectors far off several thousand kilometers, but alse between a
ground station and-the moon set by five retroreflectors arrays far off
about 380 thousand kilometers. Laser pulses generated hy a solid-state

faser are not modulated with any way, but used directly to measure the
distances. In this case, what requirements are proposed for lasers ? This
paper will try to discuss them.




iome Special Reguirements to lasers for Satelliite Laser Ranging

Liu Jiyu
Wuhan Technical University of
Surveying and Mapping
23 Lo-vu Road, Wuhan

The People’'s Republic of China

Abstract

when designing or improving an SLR system it will be necessary to
take into consideration that which laser should be selected. This

paper has given an outline of some special rvegquirements to select

a suitable laser.

At present solid-state lasers are used to measure the distances

not only between a ground station and the satellite specially
equiped with retroretilectors far off several thousand kilometers,
but also between a ground station and the moon set by five retro-
reflector arrays far off about 380 thousand kilometers. Laser
pulses generated by a solid-state laser ave not modulated with

any way, but used directly to measure the distances. in this case,

what tequirements are proposed for Lasers? This paper will try %o

discuss them.

It is known that the received photons per pulse for SLR systems,

N are given as follows:

3
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Where

B =  transmitted energy ?er pulse, in icule;

A = laser wavelength, in meter;

ﬁg = effective area of Satellite-borne retroreflectors, in sz;

ér = effective area of the received objective of a received
telescope, in cmz;

T, = ‘transmitter optical transmission;

f? = .receiver optical transmission;

T = one-way atmospheric transmission which is a function of
zenith distance, site altitude, locality, visibility and
wavelength;

i = reflect1v1ty of the satellzte bﬂrne retroreflectors
gcnerall} ? = G 8

h = $lanck's constant, h = 6.625 x 1072/ erg second;

C = light velocity, in meters/second;

5€ = full angular divergence of a transmitted laser beam, in arc;:

55 = reflected laser beanm divergense by the satellite-borne
rétroreflectors, in arc:

D = distance between the ground station and the laser satellite,

171 Cm.

It is seen from the above equation that the parameters, EAE, are
dealt with the lasers. How their magnitudes are selected is a pro-

blem which laser is designed to satisfy some requirements for an

SLR Systen. Tberbfore At is.very uvseful to- discuss thelr selectlens,__”
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5 nsac 350
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100 ps 109
3 ng, B ns 2.5
6 nsec 350
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20 nsec 80
20 Asec a0
35 nsec 1
30 nsec 50
4 nsec 200
200 pps O
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26 nEee 50
nsec 1
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transmitted
power

e Lad

Repetition

rate

1 pos Z033 AmperaX
8 ppm RCA 7265
12 pom RCA 31034
up to 10 Hz
uyp to 0.25 Mz
8 ppm RCA 7285
1 Hz DB 48
T R
5 ppm RCA 8852
0.25% pos FEU-B4
1% ppm ROA BBEZ
15 ppm RCA 885%Z
L pps VYarien Sta-
R tic. Lrossed |
Field 154
10 Hz HCA 8850
4 ppm ACA C 31034
& ppm RCA 31034
10 ppm centroid
detection
10 ppm RCAC 340344
.:gﬂﬁgﬁ?ﬂ:m:;gﬁﬁzﬁzgﬁn..”‘
0.5 Mz FEU-84
1 pps RCA 8857
0.1 pps RCA 7285
4 pps static
crossed
field
15 ppm RCA BBSZ
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Table 1 {Continuous)

,,,,,,,,,,,,,,,,,,,,,, transmitted  Repetition -Deterros

CEGumtTy wavelength  pulsewidth sower rate type
Spain E94 nm 27 nsec 0.7 E ppm ACA 310344
Switzerla. 694 am 17 nsec J 0.25 Hz RCA 7285
United Varian
Kingdem 232 nm 150 ps 30 MJ 10 Hz VPM 1525
USA (Texas)B894.3 nnm 3 nsec 8.4 4 20 ppm HCA 310344
" " 532 nm 100 ps 0.4 U4 10 #Hz RCA BBs52
" B 532 nm 100 ps 35 MW 10 Hz Varian 1525
” (Hawaii)694 nm 5 nsec 750 my 1 pps 56 Typ
" {(Colo-~ ‘ [PRPUR ~ o B

rado) 694 e 5 nsec 750 mJ 1 pps 58 Typ

" {CA) 694 nm 3 nsec 750 mJ 1 pps 56 Typ

K (GSFC) 532 nm varied varied 1 pos 58 Tvp

" " 832 nm 527 nsec 250 my 1 pps 56 Typ

“ i 532 nm 0.2-0.4 nsec 250 my i pps 56 Tvp
Amperex _

o (CA) 832 nm.. . .57 ﬂsecw,muuzﬁa”mdm””,m”,z”bbéumuﬁﬁmééw¥vé~“

Amperex

: (GSFC)532 nm 0.2-0.4 nsec 250 my 1 pos 56 Tvp

* "Maui) 532 nnm 500 ps 0-8 J 3. Hz Amperex

XP2233

USSR 694.3 nm 20 nsec 50 MW 0.7 Hz FEU-7G

. 694.3 nm 25 nsec 1 J 0.33 Hz FEU-84




On the basis of the materials pu ublished by the Fourth International

workshop on Laser Ranging Instrumentation held at the Unlver51tv of
Texas in Austin, Lgxas USA, Uctober 12-16, 19881 the essentzal spem
cifications of the lasets sperating 1n woridwide SLR systems are
shown in the Table 1. The usec laser wavelengths are of three types
of 69453 3, 5320 g and 5390 Es curresponding with three laser medium

of ruby, Nd:YAG and Nd:YAP crystal. fne longer laser wavelength

used is to the benefit of detections with the view of the transmis-
sion traveled in the atmospheric layer (see Table 2). Under the con-
dition of the smallest Jeﬁzbh dlstance rhere is not greater diffe-

renice hetween

Table 2: Atmospharic Lre spsmissien at difierent wavelengths and

senith distances, from Mastrocingue

() T(D;S.”Huwdm,,uéégdajm””, prey
780 0.78 0.83 0.50
5894.3 5.77 0.58 0.45%
532 .67 G.45 0.30
380 .44 0.2 0.03

atmospheric transmission at : different wavelengths. However, the
smaller the elevation is, the greater tho transmission dszerﬁﬁée
gets. For example, the atmospheric trans smission of 6943 A laser
will be 50 % higher than that of c37 A laser cobtained with a se-
cond harmonic generator {SHGY when the slevation is egual to 200.
Tt is known that the SHG haives the wavelength of 1064 nancmeters
the visible

ik

et AN ARG

L R

B B I



SHG, such as 1064 nn laser falling within an atmospheric window.
When omiting the SHG for which maximum conversion efficiency is up
to 30 percent (energy) the latter is equivalent to increase the
transmitted energy of about 70 percent. On the other hand, it will
be seen from equation (1) that the received photons varies as the
laser wavelengths. Under the condition of the same parameters the
number of the received photons is increased with an increased wave-
length. 1t will be possible to execute normal SLR with the smaller
transmitted energy produced by a simplified laser.

1f there is any significant drift for the laser wavelengths this
will produce three had effects. First is a transmission decrease for
4 telescope. It is known that the coatiggs_gfmali_thical_camponents
are sampétihlé”with”a'éérféin'dpéréﬁian wavelength. The greater

the drift of the laser wavelength is, the smaller the transmission
for a transmitted 135eyhp?gmugﬁﬁﬁxuﬁeﬂendwisﬂanmattenuatien~éncreasa'

~for a narrowband filter. In order to heighten the signal-to-noise

ratio a narrowband filter is used in a receiger based on PMT. Due to
& Very narrow FWHM, such as that of 1 + 0.2 A, the attenuation of
the narrowband filter for the returned laser will be greatly in-
Creased when there is any greater drift (see Fig.). Pog example,
when the drift of laser wavelengths is equal to + 0.5 A the trans-
mission gotten through the narr xbanﬁhfilt@rqwiil~bevéecrease&”tﬁ"

50 percent. Third is a reduction of the conversion effiCiency from

& light pulse to an electronic one, The peakconversion for a photo-

Qathoae.i$m??m9@?ib1$_With_amcertain-wave%ength,~ﬂue't0 the drifted

Tt will be seen from Table | that in 44 1é$§?$'u$¢d.ﬁygwotydwide

wavelength the conversion efficiency can not bhe impinged in the
peak region. It will be seen from these that the stability of the
laser wavelength is very important to insure the optimal operation
for SLR systems. The Spectral line stability should be  better than
a few subangstroms.

5@%;svsfeme;iﬁeémﬁgéﬁﬁ&efféﬁsﬁi%téé:éﬁ@?gyois~?®4mi11£§6uzes;“'

S hﬁwmi@im&%@§§%§§%%@%@*$?ﬁﬁW?ﬁﬁ?
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the maximum 35 nanoseconds. It was pointed ocut that the more narrow
the laser pulsewidth, the smaller the pulsewidth error fLiu, 19851].
In practice the relationship was also found with constraining the
iaser pulsewidth. For example, the pulsewidth was constrained from
25 nsec to 6 nsec by means of a pulse chopper in an SAQ SLR systenm
so that the ranging accuracies increased to at least 50 percent
[Tapley, et al, 1982]. From the following equation it can be
demonstrated:

k.t

M = — P P ()

W r?i?
Where
Mw = pulsewidth error;
”xpm.ﬁumfﬁﬂmuoiuaulasaxdyulS@;mﬂ”.m“m”“UWUWHMMH.MUNUWMWAMHWNMMHWH”
N, = number of received photoelectrons;
k? = coefficient depending on different detection.

However, to use the pulse chopper for a narrow laser pulsewidth is

a temporary improvement means. Due to its reject for a sizable frac-

_tion.of the laser energy it is not efficient. An essential and effi-

nm@&ﬁwéﬁﬁgﬁaﬁ T Zagweézk&,

cient means is to employ the new laser which can not only generate
laser pulses as short as 30 psec, but also operate in a pure funda-
mental TEMy, mode. The latter.can produce. the smallest bean diver-
gence, the highest power density, and, hence, the highest brightness.
Furthermore, the radial intensity profile is uniform and uniphase

[ Koechner, 1976]. The experiment by GSFC demonstrated that the re-
quirements can be satisfied essentially when using modelocked NdA:YAG

lasers. Their repeatability and rangemap measurements have shown

~less. than 2.CHl péak-to- peak Varlatlcn in 108 point mean. The repea-
-tablilty and rangemap measurements for PTM Q-switched and Q swzfcheaf

CTASEFS WeTeE” ef”ﬁ@?@“tﬁaﬁ“§ Em'p&zkwtm«pﬁaiwvarxatrmu T

19821 e Ibowill-be. S0 ﬁxyﬁ




Nd:YAG (or YAPY lasers should be substituted for

The latter has also other problem leading to a

Its socurce and magnitude have been discussed in
another paper [Liu, 1985]. For at least decreasing the wavefront
s do not employ also the Q-switched lasers, but the

has been said above, we Xknow that it is suitable for

be able to genevate the following pulses

- stzpie wavelength laser pulszes, so as to insure the aptlmal
cperzticn for SLR systems. If there should be any device which
can effectively detect infraved lasers it would be very benefi-

cial to use longer 1aser wavelength fer SLR;

.- higher repetition laser pulses, so as to acquire more ranging

data in one satellite pass; but due to limitations of thermal
transients which disturb the [ine balance within the optical
tor and high peak power nonlinear effects which can lead
te the irreversible breakdown of materials subnanosecond laser

pulses are limited to about 20 pps repetition rate [Hyde and White-
head, 1922];

resonz

- short sharp laser pulses s as to improve the accuracy for mea-

surements to the time interval hetween a transmitted and returned
daser pulses -

-~ powerful peak laser pulses. so as to be able to measure the dis-
tances not only to the satelliite-borne retroreflectors, but also
to the moon-borne retroreflector array;

o= purer fundamentals 1aser mkige'i ae as to Qﬁtazn AR nﬁi?h%mTﬁﬁﬁ“”_

 u21phage 1nueq51ty pre 11e for ;T@L se SLR.
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ANALYSIS AND PERFORMANCE OF A PASSIVE
POLARTZATION TELESCOPE COUPLING SWITCH
FOR LUNAR LASER RANGING

S.R. Bowman, J.R. Rayner, (.0. Alley
Department of Physics and Astronomy
College Park, MD 20747

Telephone (301) 454 3405

ABSTRACT
A paé§f§é'bb?éé§£a£%éh éwéféguié an &%ﬁréctéve way to couple a lYaser
transmitter and receiver to a telescope because it is so simple. However,
few laser ranging stations have implemented such a switch because of concern
about depolarization of the beam by the target. Here we show that the amount

of depolarization is less than one might expect by considering the case of
the Apollo Tunar reflectors,




ANALYSIS AND PERFORMANCE OF A PASSIVE
POLARIZATION TELESCOPE COUPLING SWITCH
FOR LUNAR LASER RANGING

§. ®. Bowman, J. R. Rayner, C, O. Alley
Department of Physics and Astronomy
College Park, MD 20742
Telephone (301) 454~3H405

ABSTRACT

4 passive polarization switeh is an attractive way to
couple a laser transmitter and recelver to a telescope because
so simple. However, few laser ranging statlons have

implemented such a switch because of concern about

depolarization of the beam DY the target. Here we show that

the amount of depolarization is less than one might expect by
U éonsidering the ¢age of the Apollo lumar reflectorse oo

INTRODUCTION

In order to separate the transmitted from the returned
beams, some sort of switch Is required. Most laser ranging
svatems incorporate a rotating mirrored ohopper wheel for the
While this approach is conceptually simple it can lead
to some practical problems. The wheel must spin stably while
staying in phase with a high repetition rate laser. The
1imited extinction ratio beiween the two paths requires some

additional blocking mechanisn.
this type of switch is too slow for terrestrial ranging.

Also, for realistic spin rates

For the Goddard/Maryland Lunar Ranging System, a passive

polarization switch was chosen.

It has the advantage of being

very simple to implement, consisting of only a thin film
Brewater angle polarizer and & Zérc order quarter wave plate.
Tt has the disadvantage of losing some return light due to
depolarization, but this is more than compensated for by its
reduction of the noise by a factor of two, This section
examines the efficiency of such a switch for lunar ranging.

DEPOLARIZATION FROM APCLLO REFLECTORS
4fter the second harmonic generator a half wave plate is
used to rotate the linear polarization to the vertical, Figure

SO r. o Tnes s polarization is 4 Q- ,
- and passes through a zers order guarter Wave p

o tThe zero order plate is needed b0 prevent. ...

i &

R

i

s reflected of £ a thin £ilm polarizer ... . .
TAEE EREE LG




Delfine a wcoodinate system on the optical table as shown in

Flgure 2. Transmission of the wgw pelarization through the i1/&

plate gives a polarization state

1 sied
2 t1sd
Multiple reflections off ths telescope mirrors will change the
polarization state, However measurments of this effect show it
to be small., 4 helium neon iaser with an arbitrarily oriented
linear polarization was transmitted through the telescope. The
attenuation of the transmitted beam by a erossed linear
polarizer was measured at many telescope positions. The
linearly polarized intensity was found to he pregserved to

%

i ) . (1)

Withiln 5%, Since this change 18 s@ali and is reversed upon
returning through the telescope, it is ignored here. It cannot
be ignored, though, that bthe polarization axis will rotate as
the telesceope tracks in azimuth, This effect combined Wwith the
changing crientation of the moon as it passes overhead will be-
accounted for by a retation transformzstion of the goarner cube
ArTray.,

PASSIVE POLARIZATON SWITCH

Relagive
Velocity
. - }?
\\_) %pgst,gxig, R R R R R
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Corner E-%é (‘tﬂ\ CHLEDFE i?y
Cabe - ;
[ i
Thin Film
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&/ Recelver
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What happens to the polarization of 2 bean when reflected
srom & total internal reflection ierﬁev cube was first studied
by E.R. Peck, R.FP. Chang et al,  extended the analysis to
include far field diffraction of linear polarization from a
corner cube. In a similar calculation, the Fraunhofer
diffraction pattern for normally incident, circulariy peolarized
light from a corner cube can be determined. Then the
sPficiency of the passive polarization switoh can be evaluated
once the veloelty aberration effect is accounted for.

Upon reflection from a iunar corner, the incident bheam is
proken up into six wedge shaped Dbeams. 1In general, each of
these beams will have_a different polarization. These alx
polarization states,V , can be ealeulated from the eguation.

L1 n n
(Ex’ .YY) = E * gﬂn (2)

The authoras mentioned above have caleculated the polarization

matrix C! consistent with the ccordinates choosen here for the

sase of one back corner edge parallel to the Yy" axis.

1 - r 1 o+ S35 37
¢! =k 1+ /172 mg, v rgy vV 32 N g,
- - s *
< E 1l ey 2 nog, i gy
c* = £ 1 + 4 172 + -V 372
c £ 1 v EHGZ ﬁgy Jg/zﬁgx (3)
g“ = £ 1 -e-;/_-“E/ngszf'C g -“vf‘Bf’E‘ﬂmX
¢* =g 1Y 2 mg,trgy
& — NV o 372
o eal e T2ng m gyt R
In terms of the total internal ?éfiéétééﬂﬂéééffféiéﬁéé'?éréﬁa:VH““
r\
P
-.-..E-—- Fad z ~ i 3E
£ = gzg— (r rp)l 3(ng v o1 ): o2 (rg =rpitl o
e o
o= ”T"E (I”S + r‘p) {L;}

[P

g = -1 i?%— (rg + rp)z(rs - rp}.

For %n arbitrary azimuthal orlentation of the corner, the
matrix g must be rotated about the "z" axls, it is easy to
see that only the "x" and "z" Pauli matrix componenis are

gy on (PSin26,00828)

{ .

vector
an azi@ﬁfﬁéii?”ﬁé%étéﬁ”ﬁ6t32“iﬁteﬁﬁal~weﬁ}@&%ieﬂ~ec@ne&he&bav
in'ovd@r-sﬁ-evaluate-thenefficiency.of_the”?ﬁiarizat;on switch,

y?  that are transmitteéd and rejected

For the Six normaiiy ¥erlected veams
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t§ i + i L%
gp ';2[; s i} {O}
ia thg transmitted polarization state. The components of
the ¥ 'z in the gp and Y directions are
Yg = ynv gp = & + ¢ {Tfor odd n)
= = =5 {(for even n)
and {7}
n n iz2e
YS = y * ys = én 5] .

where the complex numbers 8y are given in Table {(1). o
The normalized reflected electric field from the nth

subaperture of the Jth corner cube in the array can now be

written as

) U

no_ n Neo v 1 1. ) '
ﬁj - yp(g +Yo08) gs} exp{iﬁj} . (&)

J p N

The phase 4., is the overall optical delay for the Jth corner,
For even slight varlations in the physical dimensions or

temperatures of the corners, the optical delay will vary-over -

ong wavelength, For this reason the following analvsis assume
ég te be random,
Records of the construction of the lunar corner refleotor

packages show that all the corners in the arrays were carefully

srisnted alike. Therefore, the subscript on aj carn bes
dropped.
After propagating back from the meon, the beam from each

of the corner cubes will be spread by diffraction, For the jth

corner the field component in the U? direction at a point @
will be

TABLE 1
¢} 6n
1 VY372 = 1/2

+1
372 « i/2

oW
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o5 1 . fa 2% ~ikpsinacos{$=~¢) &
¥ S . g .
ui(a, ) —7 explis ) fmﬁépfo Y (6.0 e ¢
{9)
Here {p,4) are polar coordinates on the corner aperture and 4
{a,¢) are the angles locating the point @ relative to the %
center of the diffraction pattern., Dividing by the area of the g
corner, wma®, normalizes the amplitude faor a« = 0. Rewriting the k
4 integral in terms of the six subapertures glves :
, : ] . 8t(2n+3)n/6 :
ué{Q§$§ = -3% exp{i&j} p§1 ?é%} fcgép i expl~itkpsinocos(¢~y)] de
s o g+{Zn+1)n/6
. L L1 8)
With ths definition of x = kasing and the use of the Bessel
gseries expansions
: eﬁlycasg.a Iy (vl +_Z,Eztiﬁi)%_dg(y)cos(EBB ’
and (113} ¢
X% ® (9 + 2m + 113 ) L
1 = - 3
5y ayvey = 2,0 s iayr v Em Jeeamer ) :
_the amplitude component becomes %

” B £
RN 4 U G B SR JOCA o S0 L

]

1 T
Fta gxp(i&jE Jgﬁx)ng¥ Y

Iy
uj{Q; ] p

ﬁ%vi}i ain (2w/6) 2§ YZ cos {e{r(n+1)/3 + ©

8 ; ®
v exp($é3) % n

- 9]} §

o {(2m+i+1)
# o s e et
nlo TEnrromEs3Y Jemener ) (12)
1f the laser pulse duratlon is long enough, the fields from all
o 2§é*N*ﬁG?n@ﬁ$:wiiimsap%?impﬁseg,:Inmiﬁ%maQQ?Q%i@aﬁiQﬁ;?hﬁgmﬁ
is large, the transmitted intenslily will be

Prg, &) = § aPr2 = nluP|2.
Likewise, the rejected intensity will be
5 Pia Pra
1%(a, o) = |.F. uPl® = wjuPlz.
(@, o) = |E, ublr = w{ull
The pelarization switch efficiency can now be written as
etq, o) = | WPl s 0] wPire | w®)

Wh@?&th% subgcpip{, 3 isa ﬂGKSUQer’flugug a . P .
H”F@?mﬁma&imxw4ﬁh@jd?ﬂﬁ§ﬁmjggmiﬁﬁig$ the expression for

and the erficiency approached unity. Realistically though,

(13)

(14)

(157
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FIGURE 2

efficiency for several intermediate velocity aberration
angles. It is clear from these curves that the depolarization
ig a weak functioen of the corner array orientation, e~¢y. More
importantly though, the passive switch efficiency 1is better
than 90% for all cases,

From the example calculation for lunar targets one would

expect Lhe depolarization 168848 €6 increase for other targets

a8 the velocity aberration Inereases, although the exact
calculation depends on the details of the targets structure,
This means that the highest losses would be sxpected Ffor the

lowsst satelllites since they have the highest relative

velocity. In practice, the passive polarization switech has
been Ffound to work very well Fforp LACGEDOS, BE~(C, and (GEOS=a,

CONCLUSIONS A
Fassive polarization switches are a simple, efficiant way
of coupling the laser and reciever to a laser ranging
telescope. For lunar ranging operavions, depolarization losses
of less than 10% can be expected., Additional advantage is

gainmed in noise reductlion by the filtsring of thHe unwanted 0
Qgiapézagiﬁﬁg e [T ..... . s . e e
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AN ACCURATE TEST OF THE AZIMUTH AXIS OF A 1.2M
ALT-AZ TELESCOPE MOUNT FOR THE LUNAR LASER
RANGING AND THE ANALYSIS OF THE RESULTS

H. Feng, Y. Xiong, V. Zhang, J. Wang
Yunnan Observatory
Academia Sinica
P.0 Box %10
Kunming - China -
 Telephone 729 46
Telex 64040 YUORS.FN

ABSTRACT

~ The wobble of the azimuth axis of a 1.2m Alt-Az te?éscépé mount for

the Lunar Laser Ranging is measured by means of an accurate method. The
systematic error is separated out and the random wobble is found to be
about OY08. The relation between the systematic error and the structure
of the mount is also given in this article.




pdteinsthe directl
mount is turned at

1. Intreduction

Bepause of the long distance between the Earth and the
Moon,the lunar lager ranging works approximately to the thre-
shold of detection for the current laser ranging technology.
In addition,the aim actively pursued by 211 the lunar laser
ranging stations teday is to make the lunar laser ranging
by means of the absclute pointing of a telescope so as to
increase in the number of days for the ranging. But the
necegsary condition is that the Telescope should have highly
accurate pointing. However.the pointing is based on the
stability of the axis system. 1t is known +hat because of the
error in the level adjustment or mechanical faults of the
mount even the effects of the environments,the azimuth axis
s¥ the mount can not coirncide with the direction of the plumb
1ine of the station. The deviation consisis of the systematic

error and random wobble. Cur aim is to séek for an accurate
testing method,analyss the measured data,extract the gystema-
tiec error from them and make an exactly guantitative estimate
of the random wobble. It ie hopeful to make compensation for
the systematic errTor extracted when a computer is used 10
correct the telescope pointing. Moreover.some very interesting
details related to the structure of the telescope mount are
2lss found as the systematic error ig analysed.

11. The Measuring Method

The most direst method for determining the deviation of
the azimuth axis from the iocal plumb line is that the shift
of a fine bubble,which is vut at the top of the azimuth axis,
is obgerved when the mount® turns around the axis. Uur measu-
ring method still follows this principle,but the measurement
accuracy ig greatly improved.

fhe Talcott level used on the 7eiss transit instrument
is adopted and one of the graduations is measured to be 1.17

o penese lat about .20°0).The level bubble 18 fixed on an adjus-

table support which is installed at the top of ‘the dzimuth oo

axig., Two small measuring telescopes,each with 2 micrometer,
are used to determine the nosition of sither end of the

bubble,respectively. As two measuring telescopes may te
pointed to The targets witﬁiﬁ'a'Shart“range"aﬁé-o&e"graduatian_m

of the bubble may be equivalent to 130 divisions on the
micrometer. And it is easy to estimate the readout of 1/%
division on the micrometer. Tn this way the readout resolution
may be up to 1/500 arcsec, OF course, the actual meagsurement
accuracy can not be 890 high,which 1s Timited by the factors
auch as the sighting accuracy, the manufacture precision of
the bubble,the sffects of the environment and S50 On.

Whern the asurement is carried out the bubble is firstly
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and repeat the steps of 4

We have made the mess
36 measuring points and 3
data of the last 20 cirel
caleulation and analysis,
the 20 circles are made,
altitude axis,and for the
altitude axis,

III. The R

he measuring method mentioned above.

urement of 46 circles in all (with

7 readouts per circle). The measured

£8 are used for the quantitative
When the measurements of haif of

the bubble is parallel with the
other half is pervendicular te the

esults and their Analyses

When the measursd results are shown graphically, it is
not difficult to find that the systematic error is evidently
included in the results and there appears good repeatability

between the circles (Fig,
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_ Fig.2. The fwelve pads of the hydrostatic oif bearing

As for the second and fourth harmonics, they 311 originate
from the deviation of the azimuth axis caused Dby the coupling
of the drive roll with the rubbing disc(Fig.3). The drive

roll is located at one side of the mount and its influsnce
upon the azimuth axis may be regarded as the superimposition
of both of the rigid and flexible compositions. The rigid
composition influences the first harmonic and the flexible

one produces the second and fourth harmonics. This analysis
has been proved by the experiments. When the coupling of the
driving roll with the rubbing disc ig released, the second

and fourth harmonics would nearly disappear and the first
harmenic would have an obvious change. Ir addition, it 1s alse
L fen mat both of the amplitude and phage of the firebtooooo
e will have a & 5@?gﬁafs¢oﬁtﬁfchaﬁﬁﬁwﬂwing S 8 Y- o
i EHE weR e.conerete. pler, n which resits

Tmount. O the Sattonsweiiid
e

,,,,, agi“uﬁﬁa}‘fiﬂ.i




,,,,,,,,,,,,,,,,,,,, Blogk yTrmmpremm—

e

Pﬁmf—y mirror cell \\ e
9 55

e

TN

Altitude pxis

Revslviag sinoe

Qu%?ng dige

~

Pressure meler Al
%_%Eiéfﬂ‘/

T@rgué molor

I SROR: AN

i

7oas
o Azimuth gxle drive assenbly and its effects on the azimth gais

U H.isgvgry~smail;w?hemreagéﬁ”why”fﬁé?é"ékistﬁ the linear term

' is that the measured value at *point at the beginning of the
Leasurement may not be in accordance with that at +the end of

the measurement after running a cirele, But if

the measure- ok
ment ismrepaaﬁedly.madauatm%he~9fpminﬁ'in“a short pericd, i
the messured values tally well with each other, Unly in a !
rather long time interval winen the measurement s+ the sanme ;
point is made, the level bubble can shift in the same diree- ]

tion. It is considersd that the reason why this phenomenon
apbears is that a substitude is uvsed as the support of +he
bubble, of which the structure at either end is extremely
unaymmetric, Even if there is neo temperature gradient in the
surrounding environment, the bubble will shift in the same. .. S
direction owing to th@:timéwdéyﬁwﬁfﬂ+'ig”;q*“”ﬁ;iy thettenmpe=
S rature within the dome., Therefore, it Is reasonable to- intro= i
----- - oduce the Tineay 1€ : wlts, It does mot.

term 1o the measured
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Pinally,the following rormula is adopted €6 TIt theTTmmmn o
measured data.
¢ - a, 008 x + DbSIE x + 23008 2% 4 b, SIN 2x +
. a3z COS %x + b3 STN 3% + 2,008 4x + DGSIN 4% +
£ B, 0S5 2% + b SIN 12x + kx + C (1)

hWe dats of every cirole {(the 37 meagured values are
regsed by fi }, the twelve coefficients awaiting determi-
ati in the above equation can be calculated by the least
square method. Trom the residua AYiL = ¥Yi=¥ and equationi?
the root-mean-square of the fitting erTol Ef may be obial-
ned, of which the mean i1s about 0VO8.

M =/Zays® /(37 - 12 ) (2)

The R.M.S5. of the fiﬁtiﬁg”CQﬁtaiﬁﬁ +he random wobble of

the axis and the measuring erréf,“?ﬁe'q&anﬁitativa estimation
should be made for oul measuring method. 1+ is found in the

process of the apalysis of the measured data that the random
wobble of the axis does not happen in some small districis.
S ir thig case the relation between the ghift S of the

et

2

o
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g (T b
trd
o
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hubble and the rotation angle® can he determined accurately-

(Fig.4), The data 81,51 can be fitted by a guadratic curve

¢ - 5 8% 408+ c , wnich represents the motion model without
"Wﬁb%EEs'@h@wﬁéﬁiﬁuawﬁﬁimewﬁhg“meaSerd values Si with respect

to the fitting curve can be useémﬁﬁ”éSfimaﬁemthewmeasuring“””,”HN_”””

eI

scouracy. The R, M.5.error in the measurement 18 o
Ms iJw— . 2 (3 %
T asi? /(N -3 ) (3) ;
[ e
‘%_ * - ’ \ %
Emp
qentpns
3w
STERTIRRRTRRREES - Th8 1 o
i
g ¥ _ |
L : R N S -
N L. . . 3 queéf“”w“f
g-- - - .
%— é s.z P’ » ® ® % @ * o - »
e R o Right end . .
[ o

e ol Lh
CEENWE

O
b
.
B
u
o
ol »




?Qfaﬂﬁigeé;shﬂwsmi%ﬁ”measnﬁeiﬂxesulésngh@~repeatabiliﬁy”cf """"
two measurements is very good and the root-mean-square error
of the measurement is 07015, Therefore, the values obtained
from formula(2) primarily are the random wobble of the axis,

The data of 20 circles are listed in Table 1 and Table 2

where Al represents the ampiitude of the ith harmonic.

¥®

IV, Coneclusions

(1) It can be seen from the data listed in Tablet and
Table? that the r.m.s. errors calculated from the measured
data of every circle are quite approximate to one another,
The standard deviation ias used to express their dispersion,
of which the value is about ciot,being equivalent to the
measuring error. It is shown that the tested result for the
wobble of the azimuth azis is reliable,

(2) The systematic error model measured in a direction
is different fr@m”that‘iﬁ”tﬁé”éiréeti@ﬁ’p@rpen&iﬁular to the
former one. It is shown that g rigid model can not be used to
describe the wobble of the axis., Hereafter,the correction for
the telescope peinting must be made separately according to
the results measured in the two directioms, . ... . o

(3} The first harmonic is affected by the influence of
the environment on the concrete pler, but the other harmonics
mainiy have relation to the structure of the mount,and there-
fore they are all relatively stable. From now en, the First. ... .

'h&f@@ﬂi@“wizi“hé”&é%éf@iﬁé&”éj”fhe monitor of the relation

between the first harmonic and the environments or by the
observation of stars, Then +he effect of the wobble of the
azimuth axis on the telescope will be limited within the
range approximate to that of the wobble of the azimuth axis
stated in this paper., This is undoubtedly advantageous to the
realization of the lunar laser ranging by means of the abso-
lute pointing,
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A@ AZ b Aa Aqp

U 6a32 [oo17a | 0.218 0.087 | 0.226

10,681 0,232 0,237 0.071 | 0.211

% 0,664 0.154 0.273 0,101 10,221

4 | 0.921 0,229 0.265 | ©0.127 [0.261 L7 51

5 0,869 0.194 0,276 0,102 | 0.23%8

6 0.740 0.207 0,247 0.108 | 0,233

7 10,705 0,175 0,232 0,080 | 0,212
8 0.74% | 0,176 0,209 0.084 | 0,206 10,080 -

0.665 0.171 0,221 0,105 | ©.257

10 | 0,730 0.192. 1 0,246 0.106 |0.238

mean | 0.715 0.190 0.242 0,098 | 0,230

x| 00124 | 0.024 0,022 0,015 10,018

Tahled The bubble is pa

Unit: arc second

rallel with the s1titude axis.

A, A, B by Aas
> 014 | 0.478 | 0.20% } 0,086 0.159
5 046 | 0,470 | 0,209 {0,080 0,161
T S ose | o.ass | T0.2es ] 000950 | 014D,
».235 | 0,462 | 0.259 | 0.137 0,146
5,738 | 0,481 | 0.222 | 0.124 0,150
5 333 | 0,463 | 0,212 | ©.118 0,131
7 | 2.265 o.482 | 0,245 | 0.123 0,143
& | 2,19 0,466 | 0,273 -1 0,111 0,143
9 2.190 0.499 ¢.243 | 0,122 0.176 075




DOUBLE PEAK POLARIZED INTERFERENCE FILTERS

M.L. ¥hite

Lure Observatory
Institute for Astronomy
University of Hawaii
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ABSTRACT

“%'ﬁé@‘tygé'of‘high‘ffaﬂémiSSic&;‘ﬁérde”bandpasg Filter is tested at
the University of Hawaii's Lunar Laser Ranging Cbservatory. In this articie,
the Daystar double peak, polarized interference filter is described. The
tilter performance is characterized through the evaluation of several tests.




DOURLE PEAY POLARIZED INTFRFERENCE FILTERS

1 Introduction

The Daystar double peak interforence filter utilizes 8 solid spacer birefringent etalon.
The stalon is cut to & half wave ihickness and the refractive index of the etalon material is
cuch thai both orthogonsl (ransmission modes are supported. This results in the
teansmission of beth the vertical and horizenial fight componenis at g desired wavelength.
A single peak filter of the samse type would pass only one polarization component resulling
in & 50% ioss of trapemission at the desired wavelengih, Finding birefringent material of
scceptabie guality and cutling the materisl 4t perfect haif-wave plate thicknesses are the
major limiting faciors in the construction of double pesk filters Therefore, sources for
these fillers are Himited,

Following are specifications for the filter described in this paper:
Transmission Wavelength: 532 Nanomsters

_Bandwidth: 10 Angstrom FWHM -/- 02 angsirom

Transmission: 28% perchannel (This givesan actual throughput for
our application of 28% -

Blocking: Full shortside to x-ray optical density =60
Long side to 900 nanometers optical density =5.0

Clear Aperture: 3¢ mm.

Filter componenis: Insirument qaéﬁii& £0-40 sceatch dig. ﬁnﬁF offection coatsd
air/glass interfaces {or minimum of 0.2 % reffectance, Installed in g temperalure regulated
aven providing +/- 03 angstromon vand control and minimum +/- 1.0 angstrom of f-band

search capability.

11, Test Hesulis

The filter was first tested on the University of Hawail's, Mees Observatory selar
specirograph. The digitized signal from a silicon vidicon tube was used to measure the
transmitted light through the fifter and then without the filter. A graph was then plotted
- COmparing ‘ihe gmount of Hght traasmitted at 532 panometers with. no filter in. place with

: "'i%’é"éﬁé@iﬁ%"*siié‘f"'ﬁg&i”%fﬁééﬁ}ﬁi‘;eﬁj-aitff:ii?si"'ﬁ&ﬁﬁm@%z’s:wi&&a-@%...Eii;ﬁzsl_i}i;:gla@r,igg;_:_:jfi’;h;g_i:'i‘:.iiﬁ%’_xftp:,;,,: o
' irpnemissian wes measured to be. 28% with a FWHM bandpass of 1 angsteom (figure 1) AL

calibration gerfor

filter on band, the recomme

Ssrorimatsly 5 degres , SRV R 532 naneme
"""" e was sasily acsomplished. with (he adjusigbly. empsrature controller; aithough

controller was nesr its mazimum setting. The wanufacturer doubled that the temperatsre ™
med at the factory was nearly one angstrom off. However, the additional -

aded temperature fad - Lo e oraiesd

O
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sty performed alsn indicated that ¢ schieve optimum transmission the fifter temperaiup
had to be rajsed _ L

The filter was then placed in the statinn's satelfite calibrating receive package. The
average return signal off of the calibration target board ¥as measured with a recejve
BRETEY monilor throy gh the filter and then without the filter in {ine with the detecior. The
comparisons of thess fwe 5ets of dais revealed that about 75% less ELErgY was received with
the filter in line with the detecior than was received when the filtar was not in line, This
tezl was more subjective than the first and had an error factor of approximately plus g5
minus 199

Finally, the Fitter vas tested during aetuaj lunar ranging. The histograms in figures 2
and 3 show the fumber of photo-eleciron events obtained during ssversi runs . It is
difficult o apply » iransmission efficiency number to the results, since one can only
compare the data io other ranging data taken on nights When seeing conditions might be
considerably different, 4 test of ihis natare jo greatly affected hy seeing condilicns and

equipment performance UB 8 given night However, when COMPArisons are made with

funar data taken with a four angstrom filtey with g {ransmission of about 40%, the data rate

is within expectation

Angle of Incident Energy and Effects of Termperatyre Variance

Particular emphasis wag placed on controlfing the sngle of incidence during these tests.
ﬁfﬁgaﬁ & narrow bandpass filler is tilted from the aormal, the pass bang will Broaden while

Increasing the filter's correct operating temperatyre wil shift the bandpass towards the
longer vavelengths, Likewise, decreasing ihe filter's norme} roum lemperature will shift

lemperaivre depends on Lhe speciral jocation of the filier and Ialis within 2 rangeof 54w %

gﬁgﬁmm,%ﬁ,s:ia;gmafagﬁ;iégraégf"sﬁaﬁ’g%e:*E’ﬁé“ﬁ@s&éﬁ%éﬁgs@rﬁm filter is installed in s

emperature regulated oven providing «/- 0% an gstom on band controf with g4 maximum +/-
L0 angstom off bapd search capability,

Iv. {fxzmﬁmigs_ﬁ - e

The filter performed at g leval
specifications with the gxceplion of é&eﬁéégare;}m ¢y noted with the temperature controlfer

however was measured o have g throughput of 289 This is an exceilent overal!
lransmission fora | angsirom bandpass filter and it should be usefu! 1o &ny lunar ranging
Station desiving 1o improve the receiver, signai-to-noise ratie. The problem with the
temperature controller should fead future users of this fitier yne to.

i 7 éevé&iﬁaﬁ._{mﬁz the filter's correct s ferating -%@;&mﬁgﬁﬁ;gﬁe will'lesd 6.5 5 gnificant

G future usars of this filter type 1o verify. on-baad tuning

T




during foll moon that cannot be entirely related 1o increased lunar noise during full moon.
This has led to 308 speculation that the Apolle reflectors lose some efficien]cy 83 they heat
up during masimum lunar illumination. L

fecently, the LURE Observatory achizved its first daylight lunar ranges. As B
consequence normal funar operations will be extended into daylight hours. More testing of
the | angsirom double peak filter will be conducted during daylight bours where &
significant improvement in the signal to noise ratio can be expected.
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EFFECTS OF TELESCOPE DESIGN UN LASER BEAM POINTING ACCURACY

R. Korakitis
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Telephone (01) 777 3613
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ABSTRACT

This work p%éééﬁfé4ééﬁé'§t§8§é§H§Soatrtﬁe effects of the optical

design of the telescope on the heam pointing accuracy of the SLR
system at Dionysos Satellite Geodesy Observatory.

A brief description of telescope and mount is given, with emphasis
on components critical to beam alignement. Possible torsional flexyre
of the horizontal axis is examined and is found to be unimportant,

The path of the laser beam through the mount is softwaremode] led
and beam deviations upon exit are computed for different positions of

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

..adjsstabiérﬁﬁt%ca1fcamﬁaﬁeﬁts;'ﬁt*fhe~3ame-t:me;“1t'zs“gﬁQWE'that“gfeé"°‘”

cession of the beam, due to improper alignément, has pratically no
effect on the optical path Tength, so no system delay changes are
expected for different orientations of the mount. This prediction is

experimentally confirmed down to the performance limit of the system

{about 2 cm).




& {haracteristics of the mount

- g%%h,?hggif%?a?g 4 ﬁymﬁﬁ'tﬁfif%%ﬂ mount and %giagsgggziﬁhﬁwﬁiﬂ ?igsia U

g trphed o 2;5&' T ;Q-’%Bp“é‘?ﬁ'@-%@f’ﬁ: : ?&ﬁ'ﬁ!?f?ﬁ it 'ﬁ'@ﬁﬁ'i’ ;;‘@;;»QE; ,:g’f"’» i §§ “ggi BEL Et%ﬁ ! aﬁ‘(é : repsa€a~ [ S RSO

“deflaciion can be made using elénsatary glasti

This work raporis some FesutEE of wtudies, sonducted et Dionyeews Batel- o TTTIaTes v
lite Geodesy Observatery, concerning the machanica! and optical performance
of the mount and felsscope ueed in the Satellite Laser Ranging system. The :
nurpese of the sludiss is te sstablish the accuracy limit of the system with 7
regard to lzser beam pointing and syetem delay stability,since ths mount was
originally designed to be used with 2 fgt gemeration Ruby laser; having mush
lower precision capabiiities.

In the first part, a brief description of mount and talescope is given,
indicating tomponents eoritical to mechanical and optical adjusitments. A
pessible torsional flaxure of the horizental axisg s examined both theoreti-
cally and expsrimentally and is found i be unimpertant.

The second part describes the laser beam path and tts software medal,ln
this medel, all sptical components are suitably represented and ray-fracing
results show how sach individual adjustment affects the alignemant of the
beam and the optical path tength. For all reasonable values of beam davia-
tion, the path length doss not depend on the erisntation gf the mount. The
st section of thes work describes the ewperimental verification of this
srediction, through system dalay maasurements at various orientations.

T 4

S ot a B
LR AR

5%
i
B
s

:

i
¥
&

The SLR system at Dionyses usss a conventional altitudes over azinmuth
design, with separate transmii and receive opities and a coude oplties!

Both rotation axes are realized by pairs of conical retlaer bsarings and
their sxact erientatien can be adjusted by suitably ipeatad sorews. A preci~
sion level permits alignement of the primary {azimuth) anis within & arcsec
of the local vertical. Simitarily, the £ild of the secondary {altitudel anis
i adiustable to within 3 arceec of the herizental plarie. In addition to the
rollsr bearings, the aftitude axis is supported by preloaded bronze
bushings, in order to minimize flexurs. Rotation angles of ths axes are read
by eptical ancoders, which have & resolution of | millidegree and zre
gituated by the respective drive gears. The rotation of the axss is accom

P e Y e 7
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S

bility 1 millidagree (AMS). Therefore, the positicning accuracy of the mount
is limitsd to sbout B aressc. |

With regard to the distribution of wmasses, one should nots that the

Cienter of mace (CMY of “the receiving telescope ties behind tha albitude arnig

{whan the telescopa is in the horizenta! plane), whereas the (M of the
transmitier liss in front of the axis. Since the corrssponding momants have
spposite direction,the altituds axis i6 rotationaily balanced. However,thase
moments can cause & torsional flexurs of the steei tube that realizes the
axis, The rotation angle of this axis (i.s. the altitude; is datermined ai
the transmitting end of the iube, whare the altiiude drive and the encodars
ars situsted,se any torsional flexure will show itself as @ vortical deflec~
tien of the receiving telescope. A& rough estimate of the magnitude of this

= @%%?‘%h%ﬁf}ﬁgi}; . .. P
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Fig, 1 : Mechanical lay-out of mount
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Fig. 2 :

Set-up for the torsional flexure experiment
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Fig. 3. Vertical reading differences (theodolite-teliescope)
~us..altitude. AR defined to be zero at v 2 0% . .

The sotid curve shows the effect of the expecied
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ang or B0 PE1. Sines-the predicted valus i the deliveiion ielsl be
pesitiening accuracy of the axis, torsional flaxura ls considersd o
upimpoertant. In sny c¥se, an sxparimental chack was performed as foliows:

A small mirrer was fixed on  the sutside wall of the receiving
tslgspope, perpendicuiar o the optical axis. A pracision theodolite, typs
Keorn DKM34, was placed by the receivar so that its horizontal axis roughly
coincided with the zltitude sxis af the mount (Fig.Z). The theodolits was
seed as an autoss!!imater, projecting ihs image of an illuminated erosshalr
to the mirror. In .this way & dicsckion, approximating the optical.axis, was
realized that remained fixed with regard to the recsivar. he altituds of the
telescope was varied and the sneoder readings wers comparad with the
corresponding readings of the vartical angle of the thecdolite. Two indspan-

dent . saries of such measurements wars faksn snd the mean values of the

diffarsncos are shown in Fig.3, Siohn with the Cerpeched wvaElue ef o the o
R g

deflestion.Ne systematic daviation thal can be attributed to tersienal flex-
urs is avident, The deviation aof the measuraments near the zemith, currently
under furthar investigstion, is probably connactad with ths behavicur of the
anti-backlash torque motore of the altituds driva.

%, The jaser basazy path medsl|

&Fg@ﬁergi cohematic of the lassr beam path is shown in Fig 4. Upon exit
from the lassr unit,ths bsam is twice defiectad through 92° by dichroic mir-

‘rore that separate the SIZnwm Fadiation from the 1R The -leser  beam . sfter. .

gxpansion, is dirscted to the 1st mirror of the coude path that sends i1
upwards, ajeng the vertica: (apimuih) axis of the mounti.

In order to facilitsts the alignement of the beam,an auxiliiary epticsl

setup is under construstien by the vartical axis. Tt mainly congists of an
autooollimater and a fixed mirror, that will realize a permanent reference
dirsctien for the laser bezm.A sample of the laper beam wil} be brought inte
this path by inserting a psiiicle beam-snlitter. At the same time,this satup
will ~permit direct viewing through the transmitting tslssceps,enabling thus
s dirsct check of the pointing of %ths telescope using sbsrevations of stars.

The alignemsnt prosedurs sensists of thres main paris:

. Adiusiment of the last dichroic mirrer, tegathsr with expander, for
pitch, yaw and linear positien, Then,adjustment of the st coude mirror
for piteh, vaw and transverse Linsar position so that the beam axactiy
foliows the azimuth axis of the mount.

b Adjustment of the Znd coude mivror, which actually is a righit-angle
prigm situated at the interssction of the axes,fer piteh,yaw and linsar
gosition so that the bsam follows the altitude axis.

When thess sdijustments are completed, ths lzser beam sheuld not precess
whan ths mount is rotated to different srisntations.At present,that can
be mchieved within 15 arcssc but this figure is enpected to decrezsse
uging the alignement setup described sarlisr.
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e, The last step involvaes the adjusiment of ihe Srd couds mirrer, locatsd
. inside - the  tranemitier, in.order. to. bring. . the exit lasar beam inis
alignement with the pointing diraction of the mount {commen direction
of transmitter and receivesr eptical axes). In additien, the Final bsam
sxpandar adjusis the full angle divergence of the beam in the rangs 18

ta 188 arcssc.

Referring to Fig.!l, one shouid note the interna! cslibration path that
s sstablished inside the receiver end of the attituds axis. & wery small
drep of clear glue, at the hypotenuse face of the central coude prigm,
scatters some radiation towards the receiver. Thers, & small prism de-
flscts it towards +the main mirrer 8o that if can bs ascquired by the detec-
tion package.

In order to study guantitatively the effscts of the gaveral adjustments
nasded For the alignement of ths beam, the optical path was modeiled in the
computer.This software model analytically trests the defisctions of the beam
at all mirrors and prisms in the path, the position and erientation of which
can be veried in asccordance with the degress of fraedem of the zoiual com-
ponents. Ths starting point and initial direction of the laser beam, as i%
losves the Znd expandar, is taken inte account, 3% walt 38 the distancas
betwssn +the componants, which were measured using a Chesterman stainiess~
stee!l tape.

The computations are performed usiﬁgumééf?x'%é§résédﬁaééaﬁé'sf vectors
in thrse rectangular coordinate systems: the Mgy ¥oslnt sysiom remains fined
in space,with Z, along the azimuth axis of the meunt {iocal vertiecsal) and ¥,

towards the local astronemical North.The {X;,Vj,Zy=Z,} systen is producad by

rotating the previcus sne around Z, through the azimuth angle AT the Xy dwiy

is miong ths altitude axis of the meunt. Finaliy,ths {¥p=Xq,¥p,Z2} system is
darived by rotating the previous one arcund X1 through the altitude angle v
the Y7 axis is along the optical axis of the tranemitiing talescope. The
program outpuls the direction of the laser beam upen exit, sxpressing it as
an angular deviation from the Yz axis fowards a sertain directian in the
{(#p,Z2) plane. Figures B and 7 are fypical examplas of the output, shewing
diffarent losii of beam deviations for constant azimuth or altitude and for
different adjustments of the components.ln additien,the program computes the
total path length, from the starting point of the bsam up to a fined plane

”é&%é?6@“%%9*#ést*iﬁnﬁraf”%hafsyef&mgxwherexaaf$%r%pa§§aéésFp@gﬁ,ﬂésAaaﬁggi}y,m

placed.

At present, the offects of the final beam expander are computed using
the paraxial approximation. Since tha overall alignement precision will

(nerssce Witk the inwtallation of “the auxillisry eptics,a revissd program . is.. .

under development that will perform accuratie ray—tracing using the exact
refraction matricas.

It i& worth mentioning that the program alse handles tha possipility
that +the two rotation axes of tha mount are skew lines. In such case, the
beam will rotate around the Yo aris without changing its direction, in the
paraxia! appreximation. In reality, though, the directisn of the beam may ba
wffected and this problam is ancther motivation for develeping the exazct
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totzl path length of the laser beam, which is dirsctiy related to tha
overall system delmy. The computations indicate that the path langth is only
affected either by a linear displacement of the central coude prisef or by
thy skewness of the twoe rotation axes. Howaver, for any fixed adjustmant of
components, the path length is invariant for avery orientstion of ithe
mount, at least for reasonably smail beam deviations ({up *o several
arcminutss! ). The implication is that, once the alignement of the beam is
gven approximately correct, the system delay should not changs with orienta-
tien of the mount.

This prediction wes experimentally %fested by measuring the travel timg
sf the laser pulse from a point behind the last dichroic mirror, where =
fiber optic link %o the START photodicde of the sysiem was placed, to =
rotrorsf lestor at the transmitter sxit and back.The fravel time was measured
st sevaral different values of azimuth and aititude of the mount and a tota!
of 4% individua! measurements were taken in each pesition. The results are
shown in figures 8 and 9 and no variation larger than the resolution of the
messurements (asbout 2 om [21) is evident. In addition, ons should note that
the measurements were taken when the spatial profile of the laser beam was
greatiy disterted by a damaged SHG crystat. Therefere, a second fest is
scheduled, to he done after the instalismtion of a new SHE crvstal  and which
will alse include 2 stability check of the internal calibration path.

5 ﬁgﬁégggggﬁ“.......”.,”uxu,,

I% has besn shown that the particular telescope design of ihe SLR sys-
tem at Dionysos Obsarvatery presents some problems ragarding the alignemant
of the bsam in the couds path, which are studied using 3 softwars model of
the mount. The results of the study dictate severa! improvements that can be
mads to incrsase the pointing accuracy of the system,with beneficial effgots
on received energy and return rate. On the other hand,it has been shown,both
theoretically and experimentally, that the mount iz fres from appreciabis
flewure and is quite immune to system delay (i.e. calibration) changes for
cgifferant ordtendabiene .

I would iike to thank Mr. D. Paradissis for his kind help during the
flawure tost of the telescope.
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